In this paper, cobalt ferrite magnetic nanoparticle was modified by N-(2-aminoethyl)-3-(trimethoxysilyl) propyl amine. Polyoxometalate was immobilized on the modified bi-amino surface functionalized nanoparticle to prepare the environmentally friendly catalyst nanoparticle (EFCN). The synthesized EFCN was characterized using Fourier transform infrared, scanning electron microscopy and X-ray powder diffraction. The EFCN was used for photocatalytic dye degradation. Acid Red 18
INTRODUCTION
Some dyes and their toxic byproducts have potential carcinogenic risks. Azo dyes as one of the dyes cannot be readily degraded by conventional treatment processes. Azo dyes have one or more azo groups (-N¼N-) in their molecular structures. They are extensively used in textiles, papers, leathers, gasoline, additives, food and cosmetics. Wastewater containing azo dyes, discharged into environment without treatment, is toxic and also has a severe influence on the ecosystem. Thus, it is required to develop processes that can lead to removing such compounds prior to discharging into the environment. The processes used to remove azo dyes include physical, biological, and chemical methods Advanced oxidation processes such as photo-Fenton, ozonation, and photocatalysis have emerged as effective methods to mineralize organics in water and wastewater using hydroxyl radicals as the primary oxidant. Photocatalysis is an efficient, and environmental friendly process to degrade dyes and it includes irradiation of large band gap semiconductors. Design of effective photocatalyst nanomaterials is an important field of photocatalysis. Nanomaterials such as TiO 2 , WO 3 , ZnO and polyoxometalates (POMs) have been the primary interest in the pursuit of catalytic materials. The POMs have gained significant attention in this field because of synthetic versatility, low cost and low environmental impact (Gerth et Although POMs have shown effective catalytic property in homogenous processes (Sivakumar et al. ) , the important limitations for practical usage are their low surface area and high water solubility, which make the collection and reuse of the catalysts difficult. Thus, it has been shown to be an effective method to prepare a heterogeneous catalyst by immobilizing POM in different organic or inorganic nanomaterials such as silica, activated carbons, TiO 2 , mesoporous molecular sieve and polymeric membranes to make it more recoverable (Li et al. ) . In addition, they can increase the specific surface areas of POMs (specific surface areas of POMs < 10 m 2 /g) (Kozhevnikov ) . Larger specific surface areas can provide sufficient contact between POMs and pollutants, increasing the catalytic activity of POMs. Recently, many efforts have been focused on the development of novel POM-based magnetic nanomaterials as an interesting goal to prepare very efficient photocatalysts. The magnetic nanomaterials are desirable to separate and recover from wastewater.
A literature review showed that dye removal using the immobilized POM onto the modified cobalt ferrite nanoparticle as a photocatalyst was not studied in detail. In this research, cobalt ferrite nanoparticle was synthesized and its surface was modified by N-(2-aminoethyl)-3-(trimethoxysilyl) propyl amine. The tungstophosphoric acid (H 3 PW 12 O 40 ) as a POM was immobilized on the modified bi-amino surface functionalized nanoparticle to prepare the environmentally friendly catalyst nanoparticle (EFCN). The synthesized EFCN was characterized using Fourier transform infrared (FTIR), scanning electron microscopy (SEM) and X-ray powder diffraction (XRD). The EFCN was used for photocatalytic dye degradation. Acid Red 18 (AR18) and Direct Red 81 (DR81) were used as model dyes. The effect of operational parameters including catalyst dosage, dye concentration and salt on photocatalytic dye degradation was studied.
MATERIALS AND METHODS

Materials
AR18 and DR81 were used as model dyes (Figure 1 ). Other chemicals were purchased from Merck and used as received.
Synthesis
Synthesis of the cobalt ferrite 13.4 g iron nitrate (Fe(NO 3 ) 3 ) and 4.90 g cobalt nitrate (Co(NO 3 ) 2 ) was dissolved in 50 mL distilled water and added to solution containing 4.2 g NaOH in 70 mL distilled water and 3 mL ethylene diamine (H 2 NCH 2 CH 2 NH 2 ). This solution was heated at 90 W C for 3 h to achieve complete chelation ( Figure 2 ). Cobalt ferrite (CoFe 2 O 4 ) was obtained.
Synthesis of the modified cobalt ferrite with N-(2-aminoethyl)-3-(trimethoxysilyl) propyl amine 1 g of cobalt ferrite and 1.5 mL of N-(2-aminoethyl)-3-(trimethoxysilyl) propyl amine were poured into toluene (C 6 H 5 CH 3 ) and refluxed for 24 h. The precipitate was filtered, washed with toluene and deionized water and dried ( Figure 2 ).
Synthesis of the immobilized POM onto the modified cobalt ferrite to prepare EFCN Tungstophosphoric acid (H 3 PW 12 O 40 ) as a POM (0.5 g) was dissolved in dry methanol (5 mL). This solution was added drop-wise to a suspension of the modified cobalt ferrite (1.0 g) in 50 mL methanol (CH 3 OH) with dispersion by sonication. The mixture was stirred for 24 h to obtain the catalyst. The catalyst was collected and dried ( Figure 2 ).
Characterization
FTIR spectrum (Perkin-Elmer Spectrophotometer Spectrum One) was obtained to study the functional groups. The morphological structure of the material was examined by SEM using LEO 1455VP scanning microscope. Crystallization behavior was identified by XRD model Siemens D-5000 diffractometer with CuKα radiation (λ ¼ 1.5406 A W ) at room temperature.
Photocatalytic dye degradation
Experiments were done in a batch mode immersion type photoreactor with a UV-C lamp (9 W Philips) as a radiation source. Dye degradation experiments were done by mixing photocatalyst in 800 mL of wastewater in a photoreactor. The samples were withdrawn from the reaction medium at regular time intervals. The absorbance change at maximum wavelength (λ max ) of dyes (511 nm for DR81 and 509 nm for AR18) was determined by UV-vis spectrophotometer. The catalyst dosage effect on wastewater dye degradation was investigated by contacting 800 mL of dye solution (10 mg/L).
The initial dye concentration effect on dye degradation was studied. Catalyst was added to 800 mL of different dye concentrations (10, 20, 30, 40 mg/L). To study the effect of salt (inorganic anion) on photocatalytic dye degradation, different salts (Na 2 SO 4 , NaCl, and NaHCO 3 ) (0.01 mol) were added to 800 mL of dye solution (10 mg/L) with catalyst.
RESULTS AND DISCUSSION
Characterization
The FTIR spectrum of the POM, the synthesized cobalt ferrite, the modified cobalt ferrite, and EFCN nanoparticles was provided for determining functional groups in POM in a wavelength range of 4,000 to 400 cm À1 (Figure 3) . The FTIR spectrum of POM showed that PO 4 tetrahedron exists in heteropolyanion Keggin type structure (Figure 3(a) ). In the FTIR spectrum of cobalt ferrite, bands at 3,400 cm À1 and 1,620 cm À1 are assigned to the H-O-H bending vibration of the absorbed water (Pavia et al. ; Kooti & Nasiri ).
The peak at 600 cm À1 -500 cm À1 is due to the metal-oxygen bond (Laokul et al. ) . Two peaks at 471 cm À1 octahedral group and 570 cm À1 CoFe 2 O 4 nanoparticle are attributed to the intrinsic lattice vibrations of long band length of oxygenmetal ions in the octahedral sites and shorter band length of (Figure 3(d) ) showed that the PO 4 tetrahedron exists in a heteropolyanion Keggin type structure. It is surrounded by four W 3 O 9 formed by the edge sharing octahedron. Different types of oxygen atoms are responsible for the fingerprint FT-IR bands of the heteropolyanion between 1,100 and 750 cm À1 (Figure 3 Figure 3(d) shows the successful immobilization of POM at the surface of the modified cobalt ferrite. SEM is a suitable tool for characterization of shape and morphology of material surfaces. SEM images of cobalt ferrite (Figure 4(a) ), modified cobalt ferrite (Figure 4(b) ), and 
Kinetics Equation
Zero-order A-A 0 ¼ Àk 0 t First-order A/A 0 ¼ exp (Àk 1 t) (Figure 4(c) ) nanomaterials are shown in Figure 4 . As it is evident in the image, CoFe 2 O 4 nanoparticles are <85 nm. In addition, the particle size does not increase due to surface modification and POM immobilization (Figure 4(b) and 4(c)). The XRD pattern of cobalt ferrite nanoparticle ( Figure 5(a) ) indicated the characteristic (220), (311), (222), (400), (422), (511) and (440) diffraction peaks with cubic spinel structure. 
Dye degradation
EFCN degradation ability without UV irradiation is very low (<2.5%) (800 mL of dye solution (10 mg/L) and EFCN: 0.05 mg/L at 30 min). Thus, its dye degradation ability with UV irradiation was studied. The decolorization using UV in the absence of EFCN is 24% and 40% for DR81 and AR18, respectively ( Figure 6 ). In this study, different EFCN dosages were studied on dye degradation by UV/ EFCN ( Figure 6 ). The results showed that UV/EFCN yielded a significant dye degradation compared with the UV alone ( Figure 6 ). The increase of dye degradation by UV/EFCN is due to the production of free radicals such as hydroxyl radicals in aqueous phase. In addition, the total active surface area increases with increasing catalyst dosage (Mahmoodi ) . Different kinetics models (Table 1) of decolorization by UV/EFCN at different dosages of catalyst were investigated ( Table 2 ). The kinetic constants (k 0 , k 1 and k 2 ) and R 2 values for various dosages of catalyst are shown in Table 2 . The results indicated that the dye degradation kinetics using UV/EFCN at different catalyst dosages followed a zero-order kinetic model (Figure 7 and Table 2 ). It means that photocatalytic degradation of dyes does not depend on catalyst dosage and dye concentration.
Initial dye concentration was changed from 10 to 40 mg/L to study the effect of dye concentration on the rate of dye decolorization (Figure 8) . The results showed that dye degradation decreased when initial dye concentration increased due to the interference of intermediates formed during parental dye molecules degradation (Mahmoodi ). The results showed that the optimum dye concentration for photocatalytic dye degradation was 10 mg/L. Thus, it was used for further study.
In this research, NaCl, Na 2 SO 4 , and NaHCO 3 salts were used to study the effect of inorganic anions on the dye decolorization rate (Figure 9 ). The results showed that anions react with positive holes and hydroxyl radical and behave as h VB þ and • OH scavengers, resulting in prolonged dye decolorization.
The evolution of UV-vis spectrum of dyes in water as a function of time was investigated to study the changes of dye molecular and structural characteristics ( Figure 10) . The dye UV-vis spectrum is characterized by one main absorption peak in the visible region due to the chromophore of dye molecules. In this research, evolution of the UV-vis spectra during dye degradation by UV/EFCN was done. The spectrum of each colored wastewater changes along with time by decreasing absorbance in the visible region, which determines the decolorization of the solution.
To realize recovery and easy recycling, POM was immobilized on the modified cobalt ferrite nanoparticle. Recycling of EFCN was performed via distilled water three times. The recovered EFCN was reused for four runs (96, 93 and 90% for AR18 and 57, 54 and 53% for DR81). The results showed that catalytic activity of EFCN did not decrease significantly and it could be used as an efficient photocatalyst to decolorize wastewater. The absorbing of UV photons by POM results in the formation of the excited state (Hiskia et al. ; Bae et al. ) . The excited state of POM is an oxidant able to degrade organic pollutants including dyes. Progressively, it is reduced. The reduced POM can be re-oxidized by dioxygen, which undergoes reductive activation through the formation of O 2 À species.
These species are also strong oxidants capable of initiating further oxidation. The organic pollutants are generally mineralized to CO 2 , H 2 O, and inorganic anions after oxidation to intermediate products. In general, the excited POM reacts with organic pollutants in aqueous solution through two pathways: direct reaction and indirect reaction through formation of hydroxyl radicals from the reaction of the excited POMs with water molecules ( 
